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January 19, 1983 

Suzanne Gronemeyer 
Fermilab 

and 

Peter Gollon 
Brookhaven 

Corrected Values for Shielding Calculations 

An updated version of the Fermilab Radiation Guide will soon be 
issued. 
for thick 

Table 1 of Chapter 12.1 will reflect changes in the columns 
soil and thick concrete in accordance with TM-664 and the 

CASIM booklet, "High Energy Particles Interactions in Large Targets". 
These changes were proposed by Peter Gollon of Brookhaven, the original 
author of Chapter 12, in a letter (attached) to Suzanne Gronemeyer of 
Fermilab dated October 27, 1982. 

In the process, we have also noted that the values given for Iron 
in Table VI.1 of the CASIM book are wrong. The correct values are 
given in Table 1 of Chapter 12.1 of the Rad Guide and in Table 2 of 
TM-664. 

The iron values should be: 

1. Flux: 95,000 n-cm-2/star.cm -3 

(instead of 130) 

2. Entrance Absorbed Dose: 77 x 10e6 rad/star.cmm3 
(instead of 6.0 x 10B7) 

3. Maximum Dose Equivalent: 420 x 10B6 rem/star-c -3 
(instead of 3.5 x 10mZ) 



Safety & Environmental Protection Division 

BROOKHAVEN NATIONAL LABORATORY 

ASSOCIATED UNIVERSITIES, INC. 

Upton, Long Island, New York 11973 

‘;;;‘it;> 3469 

October 27, 1982 

Dr. Suzanne Gronemeyer 
Fermilab Safety Section - MS 119 
P. 0. Box 500 
Batavia, IL 60510 

Dear Suzanne: 

I discovered an inconsistency in Table 1 of The Radiation Guide, 
Chapter 12.1. In the last two columns, some of the numbers are taken 
from TM-266 (ref. 5), others are taken from Van Ginneken's "Bible," 
ref. 1. Both sources construct neutron spectra at large radii by 
splicing together a "low energy" spectrum calculated at ORNL with 
a high energy spectrum calculated at Fermilab. The two low-energy 
spectra, although calculated by different people for different problems, 
agree. The two high energy spectra do not. I have taken the large fn;$$Q-~~ 
radius curve (300 cm 2 R 2 750 cm; 0 2 Z 2 450 cm) from Andre's -0-o 
Figure VIII132 and replotted it on Figure 2 of TM-266. 
is clear: 

The differenceCfik~~~~~r~ 
TRANSK used in TM-266 gives a harder spectrum than CASIM. 

Comparison of Figure 7 from TM-266 with Andre's Figure VI.12 or VI.13 
(they are equivalent) shows this. I prefer Van Ginneken's results 
to the older results of TM-266. I have, therefore, revised Table 1 
of Chapter 12.1 accordingly. Lines 9-13 are read directly from Andre's 
Figure VI.13. 

Lines 6-8 for "thickconcrete" come from page 50 of ref. 1 and 
remain unchanged. For "thick soil" I have scaled these numbers by 
the ratio of the densities, 2.4/2.0. 

Line 5 is derived from lines 8 and 6: 

Average Dose/Neutron = Max DE 1 = 9 x 10-6/350 = 

star cm -3J 
2 2.6 x 10 -8 rem/n-cm . 

Line 4 is similarly derived from lines 7 and 6: 

1.5 x 10 -' frae ,-3] f 350[;;;:r~~-;02] = 4.3 x lo-' ::a2 

The QF is the ratio of these and increases to 6. 



Dr. Suzanne Gronemeyer -2- October 27, 1982 

If my understanding of this error is correct, then the personnel 
neutron dosimetry and spectrosocopy problems become easier--you (we) 
only have to go to the 60-odd MeV instead of 400 + MeV to see most of 
the dose-equivalent. Looking at this paragraph, I'm surprised at 
how obvious this is and wonder why I didn't question the very high 
neutron energy range that TM-266 says had to be monitored and thus 
find the problem long ago. 

I'll send you that CERN reprint when it gets copied. 
/’ 

PG: SC 

Enclosures 



* I - 2 

Iron Iron 

Spectrum, 
Thin Thick Concrete Sail 

r-20cm r = 100cm Thick Thick - 

1. Density F, g/an! 

2. Absorption Lfagth;cm 

7.86 7.86 

17.3 17.3 

7.9 5.4 

2.4x10-' 0.81x10-' 

2.4 2.0 

3, Average Qualcty Factor, <QF> 

4. Average Do&Neutron, 
rad/n-anW2 

5.AverageDxe&quiv/Neutron, 
rem/n-cm.! .,2X+ r&,J,r,.x 

6. Neutron F1ux/Star-m-3, 
n-a52/Sta.r-cm-3 

7.EntranceAbsorbedDose/ 
Sti3PCm-3 ,rad/sta.r-an-3 

8. Pdacimm Dose--iv/ 
StZ-CXll-3 ,rem/~tar-un-~ 

9. Elo, MeV 

10. E20, MeV 

11. Eso, *V 

12. EBO, FkW 

13. Ego, MeV 

14. Reference 

1.9x10-* 0.44xl0-e 

540 95,000 

1.3xlo-6 77.xlo-6 

1o.x1o-6 42O.~lO-~ 

0.1 .0046 

0.16 .018 . 

0.33 0.1 

6.3 0.22 

46 0.37 

4 4 

44.7 

zA'6.D 

gj@qi: 

// 
4. 16* p" 'c-- 

350 

ci!Q 
1.5xlo-6 

@ 
9xl0-b 

-fv, e.q3 
r( 0. Lo 

!A: ' I* 'r' / 
,$A s/8. 

$I l-i&. 

$ 1 

53.6 

M 6-Q 

9y45&rg 43 
. *Me9 

- - _. .--Y 

4.9~~~ 9.6”r 3 
-Kc-Y 

gas: 4* 
I.9 fd 

J-J+ xlo- 6 

Pf+ .5x1o-l5 “” 

/c4 3 ITS.43 

+& /.o 

p’ 0. G4 
20 Ye J 
~$0 66, 

k 1 

Table 1. Shielding and neutron spectral quantities of interest 
for four side-shield spectra produced by multi-hundred GeV protons. 
Lines 3, 4, and 5 give average properties of each spectrum. Lines 
6, 7, and 8 give conversion factors which compensate for the low 
energy part of the spectrum ignored by CASIM. The quantities Ei 
indicate the neutron energies of importance for personnel protec- 
tion: 10% of the dose-equivalent is due to neutrons of energy 
less than EGO, etc. Thus 80% of the dose-equivalent is carried 
by neutrons with energies between El0 and Ego. (b-L a ,13, aF 1) 
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